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Photoelectric conversion device and Its production method 



(57) A photoelectric oonverston devtee comprising, 
at least an electron acceptive charge transfer layer, an 
electron donative charge transfer layer, and a light 
absorption layer existing between the charge transfer 
le^fs, wherein either one off the charge transfer layers 
comprises a aemtoonductor scalar crystal layer com- 
prteing aggregate of adcular crystals or a mixture off an 
adcular crystal and another crystal, and a method off 
produdng the devk» are disclosed. Consequentiy, a 
photoelectric conversion devtee being capable of 
smoothly carrying out transter of electrons and having 
high photoelectric oonvetston effidency is provided. 
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DcscripHon 

BACKGROUND OF THE INVENTION 

Reld of the Invention ^ 

[0001] The prevent invention relates to a photoelec- 
tric convereion device and a method of producing the 
device, and more particularty, to a photoelectric conver- 
sion device comprising at least an electron acceptive io 
charge transfer layer, an electron donative charge trans- 
fer layer, and a light atisorption layer fbnmed between 
these charge transfer layers and a method of producing 
the device. 

IS 

Related Badcground Art 

[0002] A solar cell utilizing semiconductor Junction 
of silicon, gallium arsenide or the filce is generally Icnown 
as a method of converting light energy into electric 20 
energy. Aniong them, a crystal silicon solar cell and a 
polyciyslalline sificon solar cell utilizing a p-n junction of 
a semiconductor and an amorphous silicon solar cell 
utilizing a p-i-n Junction of a semiconductor have t>een 
developed for practical application. However, since the 2S 
production cost of a silicon solar cell is relatively high 
and much energy is consumed in ttie production proc- 
ess, it is required to use a solar cell for a long duration 
in order to compensate the production cost and the con- 
sumed energy. Espedalfy, the high production cost 30 
interibres with the vvide use of tiie solar cell. 
[00031 On the ottier hand, recentiy, solar cells udng 
CrfTe and Culn(6a)Se have been studies «Dr practical 
application as second generation thin film solar cells, 
and regarding ttte solar cells using tfiese materials, as 
problems in environmental pollution and resources are 
pointed out 

[0004] Be^des those dry type solar cells using the 
semiconductor junction, there is also suggested a wet 
type solar cell utilizing a photoelectric chemical reaction 40 
caused in the Interface of a semiconductor and an elec- 
trolytic solution. A metal oxide semiconductor such as 
tilaniurn oxide, tin oxide, or the IHces to be used for ttie 
wet solar cell has an advantage of lowering a solar-cetl 
manufacturing cost as compared with silicon, gallium 45 
arsenide, or the IHces to be used for the foregoing dry 
type solar cells. Above all. titanium oxide Is expected to 
be a future energy converBion material since it is eoccel- 
lent in both photoelectric conversion property in an 
ultraviolet region and stability. Since a stable semioon- so 
ductor such as titanbim oxide, however, has a wide 
band gap not less ttian 3 eV, only uttraviolet rays, which 
are about 4% of sunrays, can be utilized and the photo- 
electric conversion efficiency has t>een Insufficient. 
[0005] For ttiat, a photochemical cell (dye-sensi- ss 
tized wet type solar celQ comprising an photoelectric 
semiconductor ad8ort)ing dye on the surface has been 
studied. At the beginning, a single crystal electrode of a 



semiconductor was used for such a photochemical cell. 
Examples of ttie electrode are titanium oxide, zinc 
oxide, cadmium sulfide, tin oxide, or the like. Since an 
amount of the coloring agent to be adsorbed on the sin- 
gle crystal electrode was, however, low to lower photoe- 
lectric conversion efficiency and the cost was high, a 
porous semiconductor electrode was tried to be used. 
Tubomura et al. reported (NA1XIRE, 261(1976) p. 402) 
that the photoelectric conversion efficiency had been 
frnproved by adsortring dye in a serhiconductor elec- 
trode made of a porous zinc oxide produced ty sintering 
a fine particle. Proposals of employing porous semicon- 
ductor electrodes were also n^de in Japanese Patent 
Application Laid-Open No. 10-112337 and Japanese 
Patent Application [.aldOpen No. 9-237641. 
[0006] Graetzel et al. also reported (J. Am. Chem. 
Soa 1 15(1 993) 6382, US Patent No. 5350644) ttiat per- 
fDnnance as high as that of a silicon solar cell was 
achieved t>y improving dye and a semiconductor elec- 
trode. There, a rutttenium type coloring agent was used 
as dye and an anatase type porous titanium oxide 
(Ti02) was used as a semiconductor electrode. 
10007] Rg. 6 is a schenmtic cross-sectional view of 
a photochemical cell using dye-sensitized semiconduc- 
tor electrode reported by Graetzel et al. (hereafter 
called as Graetzel type cell in this desoiption) to show 
an outiine structure and functions of the cell. 
[0008] In Rg. 6, 14a, 14b denote a glass substrate, 
15a, 15b denote a transparent electrode formed on a 
glass sul>strate, and 61 denotes an anatase type 
porous titanium oxide semiconductor layer composed of 
fine titanium oxide partides bonded to one another in 
porous state. Further, 62 denotes a light absorption 
layer of dye bonded to the surface of the fine titanium 
oxide particles and 63 denotes an electron donative 
electrolytic solution and, for example, an electrolytic 
solution containing iodine Ions may be employed as ttie 
electron donative electrolytic solution. 
[0009] A mettuxJ of manufacturing Graetzel type 
cell will be described below. 

[0010] At first, a layer of an anatase type titanium 
oxide fine particle Is formed on a glass substrate 14a on 
which a transparent electrode 15a is formed. A mious 
kinds of formation mettiods are aivailat)le, and generally, 
fonnation of an approximately 1 0 |im thick semiconduc- 
tor layer 61 of an anatase type titanium oxide fine parti- 
cle is carried out by applying a paste containing 
dispersed anatase type titanium mide fine particles wtth 
10 to 20 |im particle diameter to a transparent electrode 
15a and then firing the paste at 350 to 500*^C. Such a 
method can provide a layer witti about 50% porosity and 
about 1000 roughness factor (practk»l surfoce 
area/apparent suriace area) and in which the fine parti- 
des are well t>onded to one another. 
IPOII] After that, dye is adsott>ed in the produced 
titanium oxide layer 61 . Various kinds of substances are 
studied to be used as dye and generally a Ru complex 
is utilized. The titanium oxide layer 61 is immersed in a 
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solution containing dye and dried to bind the coloring 
agent to tt\e surfaces of the titanium oxide fine particles 
and to form a Bght atssorption layer 62. A substance 
which does not Inhibit adsorption of dye in a titanium 
oxide layer and is capable of dissolving dye well and s 
electrochemically Inert even if remaining on the surface 
of the electrode (the transparent electrode and the tita- 
nium oxide) is suitable as a solvent to dissoWe the cdor- 
ing agent, and from that point, rthanol and acetonitrile 
are preferably used. io 
[0012] Further, as a opposed electrode, a ^asa 
substrate 14b on which a transparent electrode 15b Is 
formed is made ready and an ultra thin film of platinum 
or graphite is fomied on the surface of the transparent 
electrode 15b. The ultra thin film works as a catalyst at is 
the time of transporting electric charge to and from an 
electrolytic solution 63. 

[0013] After that, while the transparent electrode 
15a, 15b being set in the inner sides, the glass sub- 
strates 14a, 14b are overtaid as to hold the electrolytic 20 
solution 63 between them to give a Graetzal type cell. 
Acetonitrile, propylene carbonate, or the likes which are 
electrochemically inert and capable of dissolving a suf- 
ficient amount of an electrolytic substance are prefera- 
bly used as a solvent for the electrolytic solution 63. As 25 
an electrolytic substance, a stable redox pair such as r 
/I3', Bf/Br^ is preferatrfy used. At the time of forming, for 
example, a pair of 17I3", a mixture of iodine ammonium 
salt and iodine Is used as a solute of the electrolytic 
solution 63. ^ 
[0014] Rnalty, it is preferable to seal the obtained 
cell with an adhesive to provide durability. 
[0015] Next, the action principle of the Graetzel 
type cell will be described below. Light is radiated to the 
Graetzel type cell from the left side shown in Rg. 6. as 
Subsequently, electrons of the coloring agent constitut- 
ing the light absorption layer 62 are excited owing to the 
incident li^ and the excited electrons are efficlentty 
irijected to the titanium oxide layer 61 and transferred to 
a conduction band of titanium oxide. The coloring agent 40 
which loses etectrons and falls Into oxidized state is 
quickly reduced by receiving electrons from todine ton in 
the electrolytic solution 63 and tums back to the original 
state. The electrons injected into ttie titanium oxide 
layer 61 are moved owing to a mechanism of such as 45 
hopping conduction among the titanium oxide fine parti- 
cles and reach the anode 15a (the left sWe transparent 
electrode in figure). On the ottier hand, ttie iodine ions 
whteh are In oxidized state (I3-) by supplying electrons to 
the coloring agent are reduced by receiving electrons so 
from ttie cathode (the right skle transparent electrode In 
figure) 15b and tum back to the original state (f). 
[0016] As is suggested by such an action principle, 
in order to efftelentiy separata the electrons and the 
holes generated In the cotoring agent and move them, ss 
the energy level of the electrons of the coloring agent in 
the excited state has to be higher ttian that of the con- 
duction band of titanium oxide, and the energy level of 



the holes of the coloring agent has to be fower than the 
redox level of fodine ion. 

IPOIT] Further improvements on the photoelectric 
conversion efffotency, the short circuit current, the open 
circuit voltage, the fitter factor, and durability are desira- 
ble to promote replacement of a silicon solar cell with 
such a Graetzel type ceil. 

[0018] However, since the foregoing coloring agent- 
sensitized semkx)nductor electrode is a titanium oxide 
film produced by applying the solution containing dis- 
pereed titanium oxide fine partk:les to the transparent 
conductive film (the transparent electrode) 15a and sin- 
tering at high temperature after drying, the excited elec- 
trons tend to be scattered In the interfaces of the 
transparent electrode and the titenium oxide fine parti- 
cles and in the interfaces of titanium oxide fine particles 
themselves. The internal resistance generated in the 
interiiaces of the transparent electrode and the titanium 
oxkle fine particles and in the interfaces of titanium 
QXkle fine partfcles themselves, therefore, is increased 
to result in a decrease in photoelectric convereion effi- 
ciency. Moreover, movement of the exerted etectrons to 
the redox system or ttie like in the Interfaces of the tita- 
nium oxide fine partkHes themselves also causes 
decease of the photoelectric conversion efficiency. 
[0019] Further, since the foregoing cotoring agent- 
sensitized semiconductor electrode comprises a sin- 
tered body of titanium oxkie fine partkdes, there are 
caused prot)lem8 that it takes a tong time to adsorb dye 
in the titanium oxide fine particles in the periphery of the 
transparent electrode and that it is stow to diffuse ions in 
the efectrolytic solution 63. 

SUMI^ARY OF THE INVENTION 

[0020] An object of the present invention is. tiiere- 
fore. to provide a photoelectric convereion device capa- 
ble of snrYoothly supplying and receiving electrons and 
having high photoelectric conversion efficiency. 
[0021] Another object of the present invention is to 
provide a photoelectric conversion device comprising a 
semiconductor electrode in whch electrons, holes, and 
ions in a light absorption layer conteining dye and a 
charge transfer layer containing an electrolytic solution 
moves best and thus the Hght absorption layer and the 
charge transfer layer have excellent diffusion properties 
during production. 

[0022] The other object of the present invention is 
to provide a method of producing a photoelectric con- 
version device having such characteristics. 
[0023] The present invention, therefore, provides a 
photoelectric conversion device comprising at least an 
electron acceptive charge transfer layer, an electron 
donative charge transfer layer, and a light absorption 
layer existing between ttie charge transfer layers, 
wherein either one of ttie charge transfer layers is a 
semiconductor adcutar (or needle) crystal layer com- 
prising aggregate of actcular crystals. 
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[0024] The present invention further provides a 
method of producing a photoelectric conversion device 
which comprises at least an electron acceptive charge 
transfer layer, an electron donative charge transfer 
layer, and a light absorption layer existing between the 
charge transfer iayeis, the method comprising applying 
a solution containing acicular crystals on a substrate 
and firing the substrate to form a semiconcftictor acicu- 
lar crystal layer comprising aggregate of acicular crystal 
on the substrate and utilizing the semiconductor acicu- 
lar crystal layer as either one of the charge transfer lay- 
ers. 

[0025] The present Invention further provides a 
method of producing a photoelectric conversion device 
which comprises at least an electron acceptive charge 
transfer layer, an electron donative charge transfer 
layer, and a fight absorption layer existing t)etween the 
charge transfer layers, the method comprising forming a 
semiconductor acicular crystal layer comprising aggre- 
gate of acicular crystals on a substrate by a CVD proc- 
ess and utilizing the semiconductor acicular crystal 
layer as either one of the charge transfer layers. 
[0026] Moreover, a photoelectric conversion device 
comprising at least an electron acceptive charge trans- 
fer layer, an electron donative charge transfer layer, and 
a light absorption layer existing behween the charge 
tremsfer layers, wtierein either one of the chEirge trEinsfer 
layers is a semiconductor layer comprising a mixture 
wtth two or more kinds of different morphologies (or 
configurations) or compoeltions and at least one of ttie 
idnds of the semiconductor layer is an acicular crystal. 
[0027] The method of producing a photoelectric 
conversion device of the present invention is a method 
of producing a photoelectric conversion device which 
comprises at least an electron acceptive charge transfer 
layer, an electron donative charge transfer layer, and a 
light absorption layer existing between the charge trans- 
fer layers, the method comprising applying a semicon- 
ductor mixture solution comprising a semiconductor 
mixture with two or more kinds of different morphologies 
or compositions on a substrate and firing the substrate 
to form a semfconductor mixed crystal layer on the sut>- 
strate, and utilizing the semiconductor mixed crystal 
l^er as either one of ttie charge transfer layers. 
[0028] The method of producing photoelectrto con- 
verak>n devk» of the present Invention is a method of 
producing a photoelectric conversion devk:e whteh com- 
prises at least an electron acceptive charge transfer 
Icyer, an electron donative charge transfer layer, and a 
light absorption layer existing between the charge trans- 
fer layera, the meti^od comprising ttie steps of applying 
a solution containing a semiconductor acksular crystal 
on a sutstrate and firing the sut>strate to form an acicu- 
lar semteonductor crystal leyer. f urttier depositing a sln- 
gte sut)stance or a mixture with a different morphology 
or conposltion from ttiat of ttie acteuter crystal to the 
sembonductor layer to form a semiconductor mixed 
crystal layer on the sutistrate. and utilizing the semicon- 



ductor mixed crystal layer as eittier one of ttie charge 
transfer layers. 

[0029] The method of producing the other photoe- 
lectric conversion device of ttie present invention Is a 

5 method of producing a photoelectric conysraion device 
which comprises at least an electron acceptive charge 
transfer layer, an electron donative charge transfer 
layer, and a light absorption layer existing between the 
charge transfer layers, the method comprising the steps 

10 of graving an acicular crystal on a substrate, depositing 
to the acteular crystal a singfe substance or a mixture 
witti a different morphology or composition from that of 
the accular crystal to form a semkx)nductor mixed crys- 
tal layer on the substrate, and utilizing the semiconduc- 

15 tor mixed crystal layer as eittier one of the charge 
transfer layera. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0030] 

Rgs. 1 A, 1 B, 1 C and 1 D are outiine cross-sec^'onal 
views showing photoelectric converaion devices of 
the present Invention; 
25 Rgs. 2A, 2B and 2C are cross-sectional views illus- 
trating the constitutton examples of light radiation, 
the transparent electrodes, and mixed crystal layera 
of the present invention; 

Rgs. 3A, 38, 30 and 3D are cross-secttonal views 
30 Illustrating the tending state of the mixed crystal of 
the present invention; 

Rgs. 4A, 46, 40 and 4D are cross-secttonal views 
illustrating the mixed crystals from the nanny-holes 
of the present invention; 
35 Rgs. 5A, 5B, SO and 5D are cross-sectional views 
illustrating the mixed crystals from the sut>strBte of 
the present invention; 

Rg. 6 is a cross-sectional view of a conventional 
example of a Graetzel type cell; 
40 Rg. 7 is a simplified figure of an open-to-atmos- 
phere type CVD apparatus; 
Rgs. BA, 8B and 80 ilhistrate the structura of an 
acicular crystal; 

Rgs. 9A and 9B are cross-sectional views lllustrat- 
45 ing a cell employing an acicular crystal and a mixed 
crystal; and 

Rgs. 10A, 10B and 10C are cross-sectional views 
illustrating the state of a mixed crystal; 

so DETAILED DESORIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] The main characteristic of a photoelectric 
conversion device of the prevent invention is that an 
55 adcular crystal is used for an electron acceptive (n- 
type) or an electron donative (|>type) charge transfer 
layer. The acicular crystal means so-called whisker and 
preferably includes a defect-^ee acicular single crystal 
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and an acicular crystal containing screw dislocation. As 
illustrated in Rgs. 8A, 8B and 8C, the acicular crystal in 
the present invention also includes a crystal having a 
large nunrrt)er of acicular crystals grown from one point 
as to form various shapes including a tetrapod-Tike 
shape (Rg. a dendrite shape (Rg. 8B), and a bro- 
ken WneAlkB shape (Rg. 8C). 
[0032] Further, the acicular crystal oT the present 
invention includes those with all Iclnds of shapes of such 
as cyfindrfcal, conical, conical with truncated ends, 
cyfindricai with sharpened tips or fiat tips. Moreover, the 
acicular crystal includes those with a triangular pyramid, 
a rectangular pyramid, a hexagonal pyramid, and other 
polygonal pyramid shapes, their truncated shapes, a tri- 
angular prism, a rectangular prism, a hexagonal prism, 
and other polygonal prism shapes, tip-sharpened trian- 
gular prism, rectangular prism, hexagonal prism, and 
other polygonal prism shapes, and sharpened tip-lev- 
eHed ones and furthermore, the crystal includes those 
with broken line structure of above described shapes. 
[0033] Either one of charge transfer layers Is a sem- 
iconductor layer containing a mixture with two or rrwre 
different morphologies or with two or more different 
compositions and one or more of semteonducAor layers 
are a mixed crystal containing an acknilar crystal. 
Examples of morphology of the mixed crystal are illus- 
trated in Rgs. IDA, 10B and IOC. Respectively Rg. 10A 
shows an adcular crystal bearing partk:les in the sur- 
rounding: Rg. 1 08 shows an adcuiar crystal bearing an 
acteular substance in the surrounding: and Rg. IOC 
shows an actoular crystal bearing a film-like substance 
in the surrounding. 

[0034] In order to effectively explain the effects of 
an acicular crystal and its mixed crystal, cells of the 
present invention will be described while being com- 
pared with a conventional Graetzel type cell. 
[0035] Rgs. 1C and 1D are outline cross-sectional 
views showing photoelectric conversion devlcesof the 
present invention. In these figures, 10 denotes a sub- 
strate bearing an electrode, 1 1 b denotes an absorption 
layer-modified 8emkx>nduclor mixed crystal layer, 12 
denotes a charge transfer layer, and 13 denotes a sub- 
strate bearing an electrode. The substrate t>earing an 
electrode 10 is, for example, a glass substrate 14 on 
whteh a transparent electrode layer 16 is formed, the 
at>sorption layer-modified semiconductor mixed crystal 
layer 1 1 comprises a semteonductor ack^lar crystal 17 
and a fight absorption layer 16 fanned on the surface of 
the crystal. The semiconductor acteular crystal 17 is 
used as one charge transfer layer and the light absorp- 
tion layer 1 6 is formed between the charge transfer layer 
and the other charge transfer layer 12. 

(Regarding the constitution of an photoelectric conver- 
sion device of the present invention) 

[0036] In dye-sensitized type cell represented with 
the foregoing Graetzel type cell, since the light absorb- 



ency of one coloring agent layer is insufficient, the sur- 
face area of the light at>sorptlon layer Is widened to 
increase the practical quantity of atisorbed light As a 
method of increasing the surface area, a method of dis- 

5 persing and binding the fine particles just like in the fore- 
going Graetzel type cell may k>e employed, tHJt kiy the 
method, there occurs a problem that the electron trans- 
fer efficiency is not sufficiently efficient In the foregoing 
Graetzel type cell, for example, the photoelectric con- 

io version efficiency is sometimes higher in the case 
where light incidence is canied out from the side of the 
transparent electrode 15a having the titanium oxMe 
semiconductor layer 61 than in the case where light inci- 
dence is canied out from the opposite electrode 15a 

Y5 side. That is not only means the difference of the quan- 
tity of the light by absorbance by the coforing agent but 
also suggests that the possibifity of electrons excited by 
the light absorbance to move the titanium oxide semi- 
conductor layer 61 and to reach the transparent elec- 

20 trode 15a tend to be decreased more as the distance of 
the light excitation position to the transparent electrode 
becomes wider. In other words, it can be suggested that 
electn>ns are not sufficientiy moved in the Graetzel type 
cell having many crystal grain boundaries. 

25 [0037] An example of photoelectric convenston 
devk^sof the present invention will be described witti 
reference to Rgs. 1A to ID and Rgs. 2A to 2C. 
[0038] Rg. 1 A is an outiine cross-sectional view 
showing an example of the photoelectric converston 

30 devicesof the present invention. In the figure, 10, 13 
denote substrates bearing eiedrodes, 11a denotes a 
semkxmductor acfcular crystal layer having a light 
atisorption layer on the surface (at)sorptk)n layer*modl- 
fied semkx>nductor ack:ular crystal layer), and 12 

35 denotes a charge transfer layer. Rg. IB is a partiy 
enlarged cross-secttonal view of ttie cross-sectional 
view of Rg. 1 A and in the figure, 14 denotes a glass 
substrate and 15 denotes a transparent electrode and 
they are equivalent to the sufc>strBte 10 bearirtg an elec- 

40 trode of Rg. 1 A. Further, 1 6 denotes a light absorption 
layer and 17 denotes a semiconductor acicular crystal 
and they are equivalent to the fight absorption layer- 
modified semiconductor acteular crystal layer 1 la. 
[0039] Rgs. 1 C and 1 D are outline cross-sectional 

4S views showing other examples of the photoelectric con- 
vereion devicesof the present invention. In those fig- 
ures. 10 denotes a substrate bearing an electrode, lib 
denotes an at)sorption layer-modified semknnductor 
mixed crystal layer, 12 denotes a charge transfer layer. 

50 and 13 denote a substrate bearing an electrode. The 
substrate 10 bearing an electrode is, for example, a 
glass substrate 14 on whk:h a trarisparent electrode 
layer 15 is formed, the absorption layer-modified semi- 
conductor mixed crystal layer 1 1 comprises and a sem- 
55 Conductor acfoular crystal 17 and a light absorption 
layer 16 fomied on the suriace. The sem'Kx>nductor 
adcuiar crystal 17 wortcs as one of charge transfer lay- 
ers and thus the light absorption layer 16 is to be posi- 
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tloned between this charge transfer layer and the other 
charge transfer layer 12. 

[0040] As compared with a fine particle crystal 
layer, the mixed crystal layer of the present im«ntion 
has low posstoility of scattering of ele^ns or holes 
generated by photoexdtatlon by grain boundaries until 
the electrons or holes reach a current collector. Espe- 
cially, as shown In Fig. ID, in the case where the n*ced 
crystal layer Is so fomied as to join one ends of all of 
acicular crystals to an electrode and as to bond different 
types of micro crystals to the acicular crystals by sinter- 
ing, the effects of grain boundaries on movement of 
electrons or holes are almost completely ellmlnaled as 
compared with a case of a Graetzel type cell. 
[0041] A photoelectric conversion device of the 
present Invention preferably convdses an adcular crys- 
tal or a mixed crystal for an n4ype wide gap semicon- 
ductor or a p-type wide gap semiconductor. In the case 
where the acicular crystal or a mixed crystal is an n-type 
wide gap semiconductor, a p-type wide gap semicon- 
ductor or an electron donative charge transfier teyer 12 
of an electrolytic solution containing a redox pair or of a 
conductive polymer is required to be on the opposite to 
the n-type wide gap semiconductor while sandwiching a 
light absorption layer (containing, for example, dye) 16. 
On the other hand, In the case where the adcular crys- 
tal or a mixed crysial is a p-type wkte gap semiconduc- 
tor, an electron acceptive charge transfer layer 12 is 
required to be on the opposite to the p-type wide gap 
semiconductor while sandwiching a fight absorption 
layer 16. 

[0042] In the case where either one of the sub- 
strateslO. 13bearing electrodeslsseltD be a light Inci- 
dent plane, the electrode and the substrate have to be 
transparent at least In the light incident side. Figs. 2A. 
2B and 2C are outline cross-sectional views illustrating 
practical examples of photoelectric conversion device- 
sof the present invention and In the figures, 21 denotes 
a glass substrate bearing a transparent electrode and 
22 denotes an electrode having no transmissivity (or a 
substrate l)earing an electrode having no transmissiv- 
ity). In the constitution Illustrated In Fig. 2A, the glass 
substrate 21 bearing an electrode is formed In the side 
of the absorption layer-modified semiconductor acicular 
crystal liyer 11 (the absorption layer-modified SOTlcon- 
ductor mixed crystal layer in the constitutions illustrated 
in Figs. 1C and ID) to cany out light incidence from the 
left side of the figures. To the contrary, in the constitution 
Illustrated In Fig. 2B, the glass substrate 21 bearing a 
transparent el«:trode is Installed in the charge transfer 
iG^r 12 side to carry out light incidence from the right 
side of the figure. As long as the absorption or reflection 
of incident nght to the light absorption layer 16 can be 
negligible, any constitution is applicable. Further, as 
Illustrated In Rg. 2C. the constitution may be constituted 
as to use the glass substrate 21 bearing a transparent 
electrode tor bott^ sides and as to cany out light Inci- 
dence from any side. 



[0043] The constitution may optionally be selected 
among the exemplified constitutions in accordance witti 
the formation method of the semiconductor crystal layer 
11, the formation method and the composition of the 

5 charge transfer layer 12, and so forth. In the case 
where, for example, the acicular crystal layer is fomied 
by oxidizing a metal substrate, the adcular crystal side 
is Inevitably used as the electrode with no light transmis- 
sivity. On the other hand, in the case where the acicular 

10 cry^ layer Is fonned by firing an adcular crystal pow- 
der, the acicular crystal side can be employed as the 
glass substrate bearing a transparent electrode, for the 
acicular crystal layer can be formed at a relatively low 
temperature and the transparent electrode is scarcely 

IS deteriorated during the acicular crystal fonnation proc- 
ess. 

PKM4] Figs. 9A and 9B are figures illustrating prac- 
tical constitutions of the foregoing acicular crystal and 
mixed crystal. As compared witii tiie Graetzel type cell 
20 shown in Fig. 6, ttie effects of grain boundaries are 
almost completely enminated, so that electrons and 
holes can easily be moved. Further, as shown in Rg. 
9B. a semiconductor crystal 18 Is adsort)ed In the acic- 
ular crystal 1 7. so that the effects of the grain bounde- 
rs ries can be suppressed and roughness factor can be 
improved and, moreover, the radiated light can reach a 
wide range of areas even If light is radiated to any plane. 
A large numt>er of electrons are. therefore, enabled to 
move to obtain a cell of a photoelectric conversion 
30 device witti high conversion efficiency. 

|P045] The mixed crystal to be employed for the 
present Invention will be described below. 

(Regarding an acicular crystal and a mixed crystal) 

35 

[00461 In tiie case of a cell just like the foregoing 
Graetzel type cell for which a light absorption layer with 
low absoptance per one layer, the roughness factor is 
increased by using a fine particle film with a high poros- 
40 (ty in order to increase the surface area and on tiie other 
hand, even in the case of using an acicular crystal, the 
roughness fector can t>e increased if its aspect ratio is 
high and the roughness fector can further be increased 
tyy sintering a micro crystal in the surrounding of the 
45 acicular crystal. 

[0047] The transverse cross-section of the actcutar 
crystal is. though differing corresponding each crystal, 
triangular, rectangular, hexagonal, and polygonal other 
than them and includes almost round cross-section. 
so The respective sides may not necessarily be equal and 
are sometimes different As described before, the acic- 
ular crystal includes ttiose with truncated and fiat ends 
beside ttiose with sharpened tips. The desirable aspect 
ratio of the acfcular crystal is not lowerthan 5, preferably 
55 not lower than 1 0, and further preferably not lower than 
1000, though it depends on the absorptance. Addition- 
ally, J|je diameter of the adcular crystal is pre ferably 1 
|im or iassenSi mom prefera5lyl):i jjm or l€«s^__ 
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[0048] The aspect mtio in this case means the ratio 
of the length of the acicu tar crystal to the cRanneter In the 
case where the acicular crystal has a round or an 
approxinnately round transverse cross-section and the 
ratio of the length to the shortest length of a line passing 5 
the gravity center of the cross-section in the case where 
the acicular crystal has a polygonal, e.g. hexagonal, 
cross-section. 

[0049] As a material lorthe acicular crystal and the 
mixed crystal, those having wide energy gaps are pref- 10 
arable and practically, those having 3 eV or wider 
energy gaps are preferatrie. Metal oxides are preferable 
to be used as materials for the acicular crystal As a 
material for the electron acceptive (n-type) crystal, for 
example, TIO2, ZnO, Sn02, or the likes are preferable is 
and as a nmterial forthe electron donative (p4ype) crys- 
tal, for example, NiO, Cul, or the likes are preferable. 
[0050] Asamethodofadcular crystal formation, a 
method involving applying an acteular crystal powder 
and firing the powder just like In the case of productton 20 
of the foregoing Graetzel cell is appHcabie. In this case, 
it is preferabte that the adcular crystals are approxi- 
mately vertical to a substrate 14 white one ends of the 
adcular crystals being Joined to the transparent elec- 
trode 15 as shown in Rg. 3B and Fig. IB rather to that 2s 
the acicular crystals are parallel to the substrate 14 as 
shown In the outTine cross-sectfon illustrated in Fig. 3A. 
In addition to that, in the case where no' transparent 
electrode 15 exists and the substrate works also as an 
efectrode, one ends of the acknjfer crystals are prefera- 30 
biy Joined to the principal plane of the substrate. The 
angle formed between the axial directfon of the acteular 
crystals and the principal plane of the substrate is pref- 
erably 60'' or wMer and more preferably 80" or wider. 
[0051 1 As a method of mixed crystal formatton, the as 
foregoing method Involving applying a mixed crystal 
powder and firing the powder is applk»bte. In this case, 
it is preferabte that the acteutar crystate are approxi- 
mately vertical to a 8ut>strato 14 white one ends of the 
acknilar crystals being joined to the transparent elec- 40 
trode 15 as shown in Rg. 3D and Rg. 1 D rather to that 
the acicular crystate are paraltel to the substrate 14 as 
shown fr) the outflne cross-sectton Illustrated in Rg. SC. 
In addition to that, the angle formed between the axial 
directfon of the acicular crystate and the principal plane 45 
of the substrate te prefferably 60" or wider and more 
preferably 80" or wkler. Ateo^ there are available the 
method of applying a semkx>nductor crystal 18 after 
being previously mixed or the method of applying one or 
more types of semteonductor crystals prior and then so 
applying othere thereon. The semteonductor crystate 18 
are preferabty fine partteles with 100 nm or smaller. 
oreferablv t^^ firngllnr ^"^^^ 
[0052] Other methods for growing an acteuter crys- 
tal on an electrode such as the transparent electrode 1 5 55 
te further avBilat>le. Mainly two ways are appHcat^le to 
cany out the acteular crystal growth: one te by supplying 
trie crystal componenta from the outekte, including CVD 
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method, PVD method, and electrodepositten method 
and the other te by causing reaction of the componenta 
of electrode to grow the acicuter crystal. 
[0053] The following are practical ways for the 
fonner a way involving steps of forming the underooat- 
Ing electrode layer (a metal layer) 42 on the substrate 41 
as Illustrated in the cross-sectional views of Rgs. 5A 
and 5C and then growing an acteuter crystal of TIC^, 
ZnO, or the like on the under electrode layer 42 by open- 
to-atmosphere type CVD method and, if in the case of 
forming a mixed crystal, further depositing a 8emkx)n- 
ductor crystal of such as TIO2, ZnO, or the like thereon 
and another way involving steps of growing an acteular 
crystal of TIO^ ZnO, or the like directly on the metal 
sutistrate 44, whteh works also as an under electrode, 
by open-to-atmosphere type CVD method as illustrated 
In the cross-sectional views of Rgs. 58 and 5D and, if in 
the case of forming a mixed crystal, further applying the 
semiconductor crystal 1 8 thereta 
[0054] The following are practteal ways for the lat- 
ter a way involving steps of forming the undercoaUng 
electrode layer (a metal layer) 42 of such as T1, Zn or the 
like on the substrate 41 as Illustrated in the cross-seo- 
tional views of Rgs. 5A and 5C and then growing an 
acicular crystal tiy oxidizing the surfece of the under- 
coating electrode layer 42 or by CVD method and 
anottier way involving steps of growing an acteuter crys- 
tal by directly oxidizing the metal substrate 44, whteh 
works also as an under electrode as niustrated in the 
cross-sectfonal views of Rgs. 58 and 5D. A method of 
growing the accular crystal from nano holes te availai>te 
for the method of controlling the diameter and the 
growth directfon of the acteularcryatal. Rx* example, as 
illustrated in the cross-sedfonal views of Rgs. 4A to 4D, 
an ahjmlnlum layer with 0.1 to 10 pm thtekness te 
fomned on the undencoating electrode layer 42 or the 
metal sutistrate 44 and a nano hote layer (a finely 
porous layer) 43 of alumina te fomied by anodizing the 
resultant aluminium layer. The anodizalion te carrfed out 
using, for example, oxalte acid, phosphorfc: acM, sulfurte 
add, or the like. The gips t)Gtween the neighboring 
nano holes can be controlled by controlling the voltage 
for anodzadon. The diameter of the nano holes can 
abo t>e controlled by carrying out etching with a phos- 
phorte add solution after the anodizatlon. The semicon- 
ductor acteuter crystal te grown through the nano holes 
by gradually oxidizing the resultant sut>stFate 44 in oxy- 
geri atmosphere or steamHX)ntaining atmosphere to 
oxkfize the undercoaUng electrode layer 42 or the naked 
part of the metal suttstrate 44 after the nano hole teyer 
43 te formed. 

[0055] In the case where the acicular crystal te 
grown by oxktalion, the length and the diameter can k>e 
controlled by the oxidation conditions. 
[0056] A structure where the semkx>nductor crystal 
1 B exteta in the surface of the semkx)nductor acfoular 
crystal 17 as illustrated in Rgs. 5C and 5D can be 
formed fay forming the acicular crystal with controlled 
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diameter and growth direction and after that inmersing 
the resultant electrode In a gel solution containing differ- 
ent types of semiconductor crystals. Consequentiy, 
even in the case where the diameter or the length of the 
adcular crystal is insufficient, a semiconductor crystal 
with a high roughness f^K:tor can be produced and as a 
result, a semiconductor mixed crystal with scarce 
effects of grain k>oundarie8 on the movement of elec- 
trons or holes can be produced. 

(Regarding fight absorption layer) 

[0057] Various kinds of semiconductoTB and color- 
ing agents are usable for the light absorption layer of the 
photoelectric conversion devicesof the present Inven- 
tion. An amorphous semiconductor and a direct trensi- 
tlon type semiconductor with i-type and a high light 
absorption coefficient are preferable for the semicon- 
ductors. A metal complex coloring agent and/or organic 
and natural coloring agents such as a polymethine 
coloring agent, a perytene coloring agent, rose Bengal, 
Santaline coloring agent, Cyanin coloring agent, or the 
likes are prefisrable for the coloring agents. The coloring 
agents are preferable to have proper bonding groups for 
forming t>ondB to the surface of the semiconductor fine 
partk:le. The preferable bonding groups are COOH 
group, cyano group, PQsHg group, and chelating groups 
having x-conduction such as oxime. dk>xime, hydroxy- 
quinoline, salbylate, and a-keto-enolate. Among them, 
COOH group and PO3H2 group are especially pretera- 
bla In the case where the coloring agent to be used for 
the prevent inventton is a metal (complex coloring agent, 
a ruthenium complex coloring agent 
{Ru{dcbpy)2(SCN)2; (dcbpy = 2,2-bipyridlnfr4,4'-dtear- 
boxylk: add) or the likes} can be usable and it is Impor- 
tant for the coloring agent to have stable oxkJlzed and 
reduced state. 

[0058] Further, it is necessary for the electric poten- 
tial of electrons escdted in the light absorption layer, that 
is the electric potential (LUMO potential of dye) of dye 
excited by photoexdtation, and for the electrk: potential 
of the conduction band of tt>e semteonductor to be 
higher than the electron acceptive potential (ttie con- 
duction band potential of the n-type semtoondudor) of 
the electron acceptive charge transfer layer and for the 
electric potential of holes generated In the Hght at>sorp- 
tion layer by photoexdtation to be lower than tire elec- 
tron donative potential (ttie valence band of the p-type 
semkx>nductor, potential voltage of tire redox pair, or the 
like) of the electron donative charge transfer layer. To 
lower the prot)abimy of reoon^lnatton of excited elec- 
trons and holes in the periphery of the light atisorption 
layer is also importantto increase ttie photoelectric con- 
veisk>n effteiency. 



(Regarding actoular crystal and opposite charge transfer 
layer) 

[0059] In the case where an n-type ackxilar crystal 

5 or a mixed crystal is employed, a hole transfer layer is 
required to be fomied on the opposite to the other 
charge transfer layer while sandwtehing a fight absorp- 
tion layer 12. On the contrary, in the case where a id- 
type adcutar crystal or a mixed crystal is empbyed, an 

10 electron transfer layer Is required to be formed as a 
charge transfer layer while sandwtehing a light absorp- 
tion layer 12. As the charge transfer layer, a redox type 
transfer layer similar to that of the Graetzel type cell can 
be employed. As the redox type charge transfer layer, 

15 not only a simple solution txit also a carrier produced 
from a carbon powder, a material produced by gelling 
an electrolytic substance, or the fikes can be used. Also, 
a molten salt, an ion conductive polynfter, an electro- 
chemk»lly polymerized organic polymer, etc. may be 

20 usable. As the hole transfer layer, a p4ype semiconduc- 
tor such as Cul, CuSCN, NK), etc may be used. As ttie 
electron transfer layer, an n-type 8emkx>nductor such as 
ZnO, Ti02. SnO^, etc. may be used. 
[0060] Since the charge transfer layer Is required to 

25 enter among the adcular crystals or the mbced crystals, 
a method to be employed is the method appficable for 
fomiing a transfer layer of a fiqukl or a polymer and the 
plating metiiod and CVD metiiod appficable for forming 
a soRd transfer layer. 

3D 

(Regarding electrode) 

[0061] An electrode is so formed as to be adjacent 
to a charge transfer layer and a semteonductor adcular 

35 crystal layer. The electrode may be formed In the whole 
surface of a part of the surface in the outsldes of those 
layers. In the case whera the charge transfer layer is not 
of a sdki, the electrode is preferably formed In the 
whole surface from a viewpoint of hokfing the charge 

40 transfer layer. It is also prefenst>le to form a catalyst of 
Pt, C, or the like on the suriiace of the electrode neigh- 
boring the charge transfer layer In order to efRdentiy 
carry out reduction of, for example, a redox pair. 
[0062] A transparerrt electrode made of no (indium 

45 tin oxide) and a tin oxkto doped Witt) F and Sb are suita- 
ble to k>e used as the electrode in the light inddent skie. 
In the case where the resistance of the layer (a charge 
transfer layer or a semk»nductor adcular crystal layer 
or a semiconductor mixed crystal layer) acQacent to the 

so electrode in the light inddent skie is sufftelentiy tow, a 
partial electrode, for example, a finger electrode or the 
like can be formed as the electrode in the light incident 
side. 

[0063] As the electrode whk:h is not emptoyed in 
56 ttie fight inddent skte, a metal electrode comprising of 
Cu, Ag, At or the like is preferalily used. 
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(Regarding substrate) 

[D064] The material and the thickness of a suk>- 
strate are properly selected corresponding to the dura- 
bility required to a photovoltaic force generating device, s 
The substrate In the light Incident side Is necessary to 
t>e transparent and a glass substrate, a plastic sub- 
strate, or the like is suitable to be used. As the substrate 
whbh is not empkyyed for that in the fight incklent side, 
a metal substrate, a ceramfc substrate, orthe like issult- 10 
able to be used. It is preferable to form a reflection pre- 
venting film of SiOz or the like on the surface of the 
substrate in the light incklent side. 
[0085] It may be possible to make a substrate of a 
different material from the foregoing electrode no need is 
by using the electrode also as the substrate 

(Regarding sealing) 

[0066] Though It is not Illustrated In Figs., a photoe- 20 
lectric converrion devk» of the present invention is pref- 
erably sealed In at least parts beskles the substrates 
from a viewpoint of iniprovement of the weathering 
re^stance. An adhesive and resin may be used as the 
soaring material In the case where the light Incident 2s 
skte is sealed, the seali ng material to be used has to be 
trunsparent. 

[0067] No need to ssy, the present inventton is not 
limited to coloring agent sensitizing type photoelectric 
converston devfces but applkaWe wWely to photoelec- so 
trie converston devices constituted as to have a large 
surftee area to Increase the light absorptance. 

Examples 

[0068] Present invention will be further described 
with following examples. 

(Example 1) 

[0069] A production example of a photoelectric con- 
verston devtoe comprising a semtoonduclor acfcular 
crystal layer tomied using a rutlle type acfcular crystal 
powder as an electron acceptive charge transfer isyer 
will be described in the present example. 
[0070] A slurry was produced by mixing 6 g of mtile 
type TIO2 crystal having 100 to 269j!QUflrafit^ ^ 
the length about 10 times as long as the diameter 
(aspect ratio about 10) with 10 g of water, 0.2 g of acety- 
lacetone, and 0.2 g of Triton X. The slurry was applied to 
a conductive glass (a glass ptetle on whteh a F-doped 
SnOg (sheet resistance 100 Q/D) film was formed) in 
about 50 Jim thfckness and 1 cm^ square using a spacer 
and then the resultant glass was fired at 450" C for 1 
hour In oxygen gas flow at 1 0 seem to obtain a conduc- 
tive glass bearing a T102 acfcular crystal layer. The 
thfckness of the T102 semfconductor acfcular oystal 
layer (an electron acceptive charge transfer layer) after 



firing was about 10 |im. 

{0071] As dye, RuCdcbpy^SCM)^ was dissoh^ In 
distilled ethanol and the above described conductive 
glass bearing the TIO2 acfcular crystal layer was 
immersed in the solution for 30 minutes to adsorb the 
coloring agent to the acfcular crystal layer and then the 
conductive £^ass was taken out of tfie solution and dried 
at80*C. 

[0072] A mixed solution (a redox pair r/lg") contain- 
ing 0.46 M of tetrapropylammonlum todkle and todkie 
(0.06 M) as a solute and 80 vol.% of etiiylene cart>onate 
as a solvent was produced. The sotutioii was dropwise 
applied to ttie T1O2 adcutar crystal layer of the conduc- 
tive glass bearing ttie TIO2 acfcular crystal layer. 
[0073] Anottier conductive glass (a glass plate on 
whfch a F-doped SnOa (sheet resistance 100 mj) film 
was formed) bearing a platinum layer of 1 nm thfckness 
fbmied by sputtering was produced and this conductive 
glass and ttie conductive glass bearing ttie Tip2 acfcu- 
lar crystal layer were set on ttie opposite to each ottier 
as to s^ ttie platinum layer and ttie TIO2 acfcular crystal 
layer in the inner side and ttie foregoing mixed solution 
was heM between both glass plates to obtain a photoe- 
lectric converston devfce. 

[0074] As a comparison, a photoeiectrfc converston 
devfce was fiabricated In the same manner except that a 
TIO2 powder containing anatase type fine particto witti 
about 20 nm partide diameter as a main component 
was used. 

[0075] Light was radiated from a 500 W xenon lamp 
equipped with a uttravioletK^utting filter to the stoe of the 
TIO2 acfcular crystal layer-bearing conductive glass of 
ttie respective devices and ttie values of ttie photoeiec- 
trfc cunrent were measured. In the same manner, light 
was radiated to the sMe of the platinum layer-bearing 
conductive glass of the devfces and ttie values of photo- 
electric cunent by photoelectric conversion reactton. As 
a result, the open-circuit voltage and the fill factor of ttie 
devfce of the present invention were both higher by 
about 5% ttian those of the devfce of the comparison In 
ttie case of radiating light to ttie devfces from the side of 
ttie conductive glass bearing ttie TIO2 acfcular crystal 
li^r and both by about 7% In the case of radiating light 
to ttie devfces from ttie sMe of ttie conductive layer 
k)eartng ttie platinum layer. The dNferenoe is supposedly 
attributed to the decrease of the internal resistance of 
ttie electron acceptor-type charge ttansfer layer owing 
to use of the adcular crystals. 

(Example 2) 

[0O76] A devfce using a ZnO adcular crystal and a 
devfce using a Sn02 acfcular crystal Instead of the TIO2 
acfcular crystal were fabricated. The diameter of the 
55 ZnO acfcular crystal used tor the present Invention was 
about 50 nm and the lengtti was about 5 times as long 
as ttie diameter and ttie diameter of ttie Sn02 acfcular 
crystal used was about 300 nm and the tongtti was 
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about 10 times as long as the diameter. The same 
method of producing the device of the Example 1 was 
applied for the respective production methods and the 
same evaluation method of the Example 1 was carried 
out As a result, the openH^lncult voltage values and the 
fill factors of t>oth devices at were both higher by about 
3% than those of the devices of comparison (a device 
using a ZnO powder and a device using a SnOj pow- 
der) in the case of radiating the fight from the side of the 
conductive glass bearing the adcular crystal layer and 
both of the open-circuit voltage values arrd the fill fectors 
were higher by about 5% in the case of radiating the 
light from the side of the conducth^ glass bearing the 
platinum layer. 

(Example 3) 

[0077] A production example of a photoelectric con- 
version device comprising a semiconductor acicular 
crystal layer formed l^y oxidizing a metal material will be 
deserted with reference of Figa 5A to 5D in the present 
example. 

[0078] A substrate was produced by fbmitng a Tl 
underooadng electrode layer 42 of 3 ^m thickness on a 
quartz substrate 41 and a Ti substrate (a metal sub- 
strate) 44 YiBS produced and the respective substrates 
were immersed in a 0.3 M oxalic acid and 40 V voltage 
was applied to sfightly anodize the Ti surface. The 
resultant substrates were fired at 700*C for 10 hours in 
He gas cun«nt containing 10 ppm of oxygen at 100 
seem flow speed. Rutfle type TiOg acicular crystals were 
grown from the undercoaling metal layer and the sub- 
strate on the Ti undercoating metal layer 42 and the Tl 
sutistiate 44 after firing as illustrated in Figs. 5A and 5B. 
The diameter of the T102 acicular crystals was 0.1 to 1 
|im and the length was 10 to 100 limes as long as the 
diameter. 

[0079] The same coloring agent as that used for the 
Example 1 was adsort>ed In the surface of the acicular 
crystals in the same manner as that of the Example 1 
and a photoelectric conversion device was fabricated In 
the same manner as Iftat of the Example 1 , except that 
a conductNe glass (a glass plate on which a F-doped 
SnOfe (sheet resistance 1 00 nto) film was fonned) bear- 
ing a graphite layer (about 1 nm thickness) was used 
instead of the conductive glass bearing the platinum 
layer. 

[0080] As a comparison, a photoelectric corrversion 
devtee was fabricated in the same manner using a Ti02 
powder containing anatase type fine partkHe with about 
20 nm partfcle diameter as a main component 
[0081] The photoelectric current value was meas- 
ured in the same manner as that for the Example 1 . The 
right incidence was carried out from the side of the con- 
ductive glass bearing the graphite layer. As a result, the 
open-circuit voltage and the fill factor of the device of the 
present example were both higher by about 10% than 
those of the devk» of the comparison. The difference is 



supposedly attributed to the decrease of the internal 
resistance of the electron acceptor-type charge transfer 
layer ovwng to use <A the acicular crystals. 

5 (Example 4) 

|P082] A production example of a photoelectric con- 
verston device comprising semtoonductor actoular crys- 
tals grown from nano holes by oxidizing a metal material 
to will be described with reference of Figs. 4A to 4D In the 
present example. 

10083] A substrate was produced by forming a 71 
undercoatfng electrode layer 42 of 3 pm thktoess on a 
quartz sut>strate 41 and a Tl substrate (a metal sub- 

15 strata) 44 was produced and the Ti surfaces of the 
respective substrates were coated with Al layers with 
0.5 |im thickness. Then, the respective substrates were 
immersed in a 0.3 M oxalte add and 40 V voltage was 
applied to slightly anodize the Ti surfacea After that, the 

20 respective substrates were immersed in 5 wt% phos- 
phoric acM for 40 minutes. By that treatment, riano hole 
layers 43 having a large numt>er of nano holes with 
atx>ut 50 nm diameter at about 100 nm gaps were 
fbmied on the alumina layers fomied by anodization. 

25 The resultant 8Ut>strates were then fired at 700°C for 1 0 
hours In He gas current containing 10 ppm of oxygen at 
1 00 sccrh flow speed. Rutile type TtOg acicular crystals 
were grown in the Tl undercoating metal layer 42 and 
the Tl substrate 44 after firing as Illustrated in Figs. 5A 

30 and SB. The diameter of the T1O2 acicular crystals was 
0.02 to 0.05 tim and the length was 20 to 500 times as 
long as the dian)eter. 

[0084] The same coloring agent as that usedfbrthe 
Example 3 was adsorbed in the surface of the acicular 

36 crystals In the same nnanner as that of the Example 3 
and a photoelectric conversion devtee was fakxicated in 
the same manner as that of the Example 3. 
[0085] As a comparisonp a photoelectric conversion 
device was fabricated tn the same manner using a TiO^ 

40 powder containing anatase type fine partk:le with about 
20 nm partk:le diameter as a main component 
[0086] The photoelectric current value was meas- 
ured in the same manner as that for the Example 1 . The 
light inckience was carried out from the side of the con- 

45 ductive glass bearing the graphite layer. As a result, the 
open-circuit voltage and the fill factor of the devk» of the 
present example were both higher by eboin 15% than 
those of the devk:e of the comparison. The difference is 
supposedly attributed to the decrease of the intemal 

30 resistance of the electron acceptor-type charge transfer 
layer owing to use of the acicular crystals. Moreover, it 
is supposedly attributed to the high aspect ratio and the 
roughness factor improvement of the acicular crystals. 

55 (Examples) 

[0087] A productton example of a photoelectric con- 
vereion devk^e comprising semkx)nductor ack;ular crys- 
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tal layers grown using an open-to-atnrwsphere type 
CVD wilt be described with reference of Rgs. 5A to 5D 
and Fig. 7 in the present example. 
[0088] Rg. 7 illustrates a simprrfled figure of an 
open^o-atmosphere type CD apparatus employed for s 
the present example and In the figure. 71 denotes a 
nitrogen bomb. 72 a flow meter, 73 a raw material evap- 
orator. 74 a nozzle, 75 an object sutistrate to be treated, 
and 76 a substrate heating stand. 
[0089] A 8Uk>strBte was produced by forming an Al io 
undeicbatlng electrode layer 42 of 3 ^m thickness on a 
quartz substrate 41 and an Al substrate (a nietal sub- 
strate) 44 was produced and the sutstrates 75 as object 
substrates to be treated were respectively set on the 
substrate heating stand 76 of the CVD apparatus. Then, is 
bisacetytacetonotozinc (11) In solid phase was put In the 
raw material evaporator 73 and evaporated by heat at 
1 15*C. While the flow rerte being controlled by the flow 
meter 72, nitrogen gas was supplied from the nitrogen 
t>omb 71 to the apparatus and the evaporated bisacety- 20 
lacetonatozinc (11) was sprayed to the substrates 75 
from the nozzle 74. By such a treatment, ZnO adcular 
crystals were grown from the underooating electrode 
l^r and the substrate on the surface of Al undercoat- 
ing electrode layer 42 and on the surface of the Al sub- 2S 
strate44 as niustrated in Figs. 5A, SB. The diameter of 
the ZnO acicular crystals was alK>ut 1 jim and the 
length was 1 0 to 1 00 times as long as the diameter. 
[0090] The same coloring agent as that used for the 
Example 3 was adsorbed in the surface of the acicular x 
crystals In the same manner as that of the Example 3 
and a photoelectric conversion device was fabricated In 
the same manner as that of the Example 3. 
[0091] As a comparison, a photoelectric converaion 
device was fabricated In the same manner using a ther- ss 
mally treated ZnO powder with about 1 |im parflde 
diameter. 

[0092] The photoelectric current value was meas- 
ured in the same manner as that for the Example 1 . The 
light incidence was carried out from the side of the con- 40 
duclive glass bearing the graphite layer. As a result, the 
open-drcuit voltage and the fill factor of the device o* the 
present exEffnple were both higher by about 20% than 
those of the device of the comparison. The difference is 
supposedly attributed to the decrease of the internal 45 
resistance of the electron acoeptor4ype charge transfer 
layer owing to use of the acicular crystals. Moreover, It 
is supposedly attributed to the high aspect ratio and the 
roughness factor improvement of the acicular crystals. 
[0093] Also, in the case where a ZnO layer and an so 
Al lay»r were fomfied on Tl substrates to obtain the 
object substrates 75 to be treated and then alumina 
nano holes were formed in the same manner as that of 
the Example 4, ZnO acicular crystals were found grovm 
through the alumina nano holes from the ZnO layer and sf 
a photoelectric conversion device fabricated using the 
substrates had open-drcult voltage and fill factor both 
higher by ebouX 20% than those of a device of compari- 



son. 

(Example 6) 

[0094] A production example of a photoelectric con- 
version device comprising semiconductor acicular crys- 
tal layers grown using an open-to-atmosphere type 
CVD^ as same as the Example 5, will be described with 
reference of Figs. 5A to 5D and Rg. 7 in the present 
example. 

[0095] As an object substrate 75 to be treated, a 
glass plate 41 on which a F-doped Sn02 layer 42 (sheet 
resistance 10 Q/a) was fomned was employed and a 
ZnO acicular crystals were grown on the SnOg layer 42 
In the same manner as that of the Example 5. The diam- 
eter of the ZnO acicular crystals was about 1 pm and 
the length was 10 to 100 times as long as the diameter. 
[0096] Alter that, a photoelectric conversion device 
was fabricated in the same manner as that of the Exam- 
ple 5, except that Cul, which is a p-type semiconductor, 
was employed for the charge transfer layer 12. Practi- 
cally, Cul was dissolved in anhydrous acetonitrile and 
deposited on the surface of a mesoscopic ZhO layer (an 
adcular crystal layer) bearing dye. The substrate 41 
bearing the charge transfer layer 1 2 was overiatd on the 
conductive glass bearing the graphite layer to give a 
solid chemical solar cell (a photoelectric conversion 
devce). 

[0097] A photoelectric conversion device was fabri- 
cated using a thermally treated ZnO powder with about 
1 |im particle diameter In the same nrmnner for compar- 
ison. 

[0096] The photoelectric cunrent value was meas- 
ured in the same manner as that for the Example 1 . The 
light incidence was carried out from the side of the con- 
ductive glass bearing the graphite layer. As a result, the 
open-drcult voltage and the fill factor of the device of the 
present example were both higher by about 20% than 
those of the device of the comparison. The difference is 
supposedly attributed to the decrease of the Internal 
resistance of the electron acceptor-type charge transfer 
layer owing to use of the acicular crystals. Moreover, it 
is supposedly attributed to the high aspect ratio and the 
roughness fector improvement of the acicular crystals. 

(Example 7) 

[0099] A production example of a photoelectric con- 
version device comprising an electron acceptive charge 
transfer layer formed using a rutile type acicular crystal 
powder will be described in the present example. 
(0100] A slurry was produced by mixing 3 g of rutile 
type Ti02 acicular crystal having 200 to 300 nm diame- 
ter and the length about 10 times as long as the diame- 
ter and 3 g of anatase type T102 micro crystal (P25) 
having about 20 nm diameter with 10 mL (milliliter) of 
water, 0.2 mL of acetylacetone, and 0.2 mL of Triton X 
(registered trade name: produced by Union Carbide 
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Corp.). TYie slurry was applied to a conductive glass (F- 
doped SnOg. 100 Mi) in about 50 pm thickness and 1 
cm^ square using a spacer and then the rteuttant glass 
was fired at 450°C for 1 hour in oxygen gas flow at 100 
m\Jm\n (socm). 5 
[0101] The thldmess of the obtained TIO^ acicutar 
crystal layer after firing was about 10 pm. 
Ru((bipy4(COOH)2(SCN)2)r which was a Ru complex 
salt reported by Graetzel. was used as dye. The color- 
ing agent was dissolved in distilled ethanol and the TlOg io 
electrode was immersed in the resultant solution for 120 
minutes to adsorb the coloring agent to the electrode 
and then the electrode was taken out of the solution and 
dried at 80^. On the other hand, another conductive 
glass (F-doped SnO^. 1 0 O/d) bearing a platinum layer is 
of 1 nm thickness formed by sputtering was emptoyed 
as a counterpart electrode and VA^' was used as a 
redox pair. A mixed solutton emptoyed for the present 
example contained 0.46 mol/L of tetrapropylammonium 
iodide and 0.06 mol/L of Iodine as solutes and 80 vol.% 20 
of ethylene cartx>nate and 20 vol.% of acetonitrile as 
solvents. The solutton was dropwise appPied to the 
T102-k>earing conductive glass and the mixed solutton 
was held between the conductive glass bearing the 
TIO2 and the counterpart electrode to obtain a cell. 25 
[0102] As a comparison, a cell using only P25 was 
fabricated in the same manner. 
[0103] Light was radiated from a 500 W xenon lamp 
equipped with a ultraviolet-cutting filter to the side of the 
conductive glass bearing TIO2 or to the side of the coun- 30 
terpart electrode. The values of the photoelectric cur- 
rent generated at that time by the photoelectric 
conversion reaction were measured. As a result, the 
open-drcuit voltage and the fill fisurtor of the ceil of the 
present Invention were both higher by atx>ut 5% than as 
those of the cell of the comparison and, espedally in the 
case of radiating light to the cells from the counterpart 
electrodes, both were higher by about 7%. The differ- 
ence is supposedly attrtouted to the decrease of the 
internal resistance of the electron acceptor-type charge 40 
transfer layer owing to use off the mixed crystal. 

(Example 8) 

[0104] Similar experiments to that of the Example 7 45 
were canied out using a ZnO acicular crystal and a 
Sn02 acicular crystal, respectively, instead of the TiOg 
acicular crystal. 

[0105] The ZnO acicutar crystal used for the 
present invention had a tetrapod-like shape, the diame- so 
ter of about 1 ^m diameter, and the length at)OUt 5 times 
as long as the diameter and the Sn02 actoular crystal 
used had the diameter of atx^itOJSjun and the length 
about 10 times as tong as the diameter. The same 
method of producing the device of the Example 7 was 55 
appfied lor the respective productton methods and the 
same evatuatton method as that of the Exampto 1 was 
canied out. As a result, the open-circuit voltage values 



and the fill iiactors of both devtoes were both higher by 
about 3% than those of the devtoes of comparison (a 
devtoe using a ZnO powder and a device using a Sn02 
powder) in the case of radiating the light from the side of 
the conductive glass bearing the mixed crystal and both 
of the open-drcuit voltage values and the fill factors 
were higher by 5% or more in the case of radiating the 
light from the side of the counterpart electrodes. That Is 
supposedly attributed to the decrease of the internal 
resistance of the etectron acceptor-type charge transfer 
layer owing to use of the mixed crystal. 

(Example 9) 

[0106] A production exampto of semtoonductor 
adcular crystals by oxidizing a metal material will be 
descrit)ed with reference of Figs. 5A to 5D in the present 
exampto. 

[0107] A substrate was produced by forming a Ti 
undercoatinig electrode layer 42 of 3 pm thtokness on a 
qimrtz sutistrBte 41 andasutratrateof aTiplate44was 
produced and the respective Ti surfaces were slightiy 
anodteed at 40 V voltage In 0.3 mol/L oxalic add. The 
resultant sut>strates were then fired at 700*^0 for 10 
hours In flow of He gas containing 10 ppm oxygen at 
100 rr\Um\n (socm) flow rate. Rutile type T1O2 adcular 
crystals were found on the Ti undencoating metal layer 
and the TI substrate surfece after firing growing from the 
substrates as illustrated in Rgs. 50 and 5D. The diame- 
ter of the TlO^adcutor crystals was 0.1 to 2 |im and the 
tength was 10 to 100 times as tong as the diameter. The 
resultant substrates were then immersed in a slurry pro- 
duced by mixing 3 g of anatase type TIO2 micro crystal 
(P25) having about 20 nm partide diameter with 40 mL 
of water, 0.2 mL of acetylacelone, and 0.2 mL of Trtton 
X and afterthat the substrates were again fired at 450''O 
for 1 hour in oxygen gas fiow at 1 00 mUhiin (seem). Dye 
was adsorbed on the surface of the obtained acicular 
crystals In the same manner as that of the Example 1 . 
On the other hand, another conductive glass (F-doped 
SnOg, 10 OAd) bearing graphite of about 1 nm thldcness 
was employed as a counterpart electrode and i Via' was 
used as a redox pair. As same as the sdution employed 
for the Example 7, a mixed solution employed for the 
present example contained tetrapropylammontum 
iodide (0.46 mol/L) and Iodine (0.06 moUL) as solutes 
and ethylene carbonate (60 vol.%) and acetonitrito (20 
vd.%) as solvents. The solution was dropwtoe applied 
to the TiO^-beartng conductive glass and the mixeo 
solution was held between the conductive glass bearing 
the Ti02 and the counterpart electrode to obtain a cell. 
[0108] As a comparison, a cell, using only P25 was 
fabrtoated in the same manner. 
[0109] In the same manner as that of the Example 
7, light was radiated from a 500 W xenon lamp equipped 
with a ultraviolet-cutting filter from the side of the coun- 
terpart electrode. The vetoes of the photoelectrto cur- 
rent generated at that time by the photoelectrto 
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conversion reaction were nieasured. As a result, the 
open-circuit voltage and the fill factor of the cell of the 
present invention were both higher by about 10%. That 
is supposedly attributed to the decrease of the Internal 
resistance of the electron acceptor-type charge transfer 
layer owing to use of the adcular crystal. 

(Example 10) 

[0110] A production example of semiconductor 
acicular crystals from nano holes tiy oxidizing a metal 
material will be described with reference of Rgs. 4A to 
40 In the present «campie. 

[0111] A substrate was prcxluced by forming a T1 
undercoating electrode layer 42 of 3 |im thidcness on a 
quartz substrate 41 and a substrate of a T1 plate 44 was 
produced and the respective 71 surfaces were coated 
with 0.5 |im thick Al films. The Al films were anodized at 
40 V voltage in 0.3 md/L oxalb add and then immersed 
in 5 wt% phosphoric add for 40 minutes. By the treat- 
ment, a large number of nano holes with about^SQuom 
diameter at atx>ut 100 nm gaps were formed in the alu- 
mina layers 43 fonrad by anodteation. The resultant 
substrates were then fired at ZOO^'C for 10 hours In He 
gas cun^nt containing 10 ppm of oxygen at 100 mUtnin 
(seem) flow speed. Rutlle type TlOg adcular crystals 1 7 
were found in the T1 undercoating metal layer and the Ti 
sutistrate surface after firing as illustrated in Rgs. 4C 
and 4D, growing from the nano holes of the electn)des. 
The diameter of the TiOg adcular crystals was 0.02 to 
0.05 fim and the length was 20 to 500 times as long as 
the diameter. The resultant substrates were then 
immersed in a.8lur7y produced by mixing 3 g of anatase 
type ri02 micro crystal (P25) having about 20 nm parti- 
cle diameter with 40 mL of water. 0.2 mL of acetylace- 
tone, and 0.2 mL of Triton X and after that the substrates 
were again fired at 450°C for 1 hour in oxygen gas flow 
at 100 mLMiln (socm). 

[01 1 2] Further, dye was adsort>ed on the surface of 
the obtained acicular crystals In the same manner as 
that of the Example 7. On the other hand, conductive 
glass (F-doped Sn02, 1 0 n/b) bearing graphite of about 
1 nm thidcness was employed as a counterpart elec- 
trode and I Vls' was used as a redox pair. As sante as the 
Example 1, a mixed solution containing tetrapropylanv 
monium iodide (0.46 mol/L) and iodine (0.06 moi/L) as 
solutes and ethylene carbonate (80 vdI.%) and ace- 
ton'itnle (20 voL%) as solvents was employed. The solu- 
tion was dropwise applied to the TiOe-bearing 
conductive glass and the mixed sdution was held 
between the conductive glass bearing the TlOg and the 
counterpart electrode to obtain a cell. 
[0113] As a comparison, a cell using only P25 was 
fabricated in the same manner. 
[0114] In the same manner as that of the Example 
7, light was radiated from a 500 W xenon lamp equipped 
with a ultravtolet-cutting filter from the side of the coun- 
terpart electrode. The values of the photoelectric cur- 



rent generated at that time by the photoelectric 
conversion reaction were measured. As a result, the 
open-drcuit voltage and the fill factor of the cell of the 
present invention were t>oth higher by at>out 5%. That is 
5 supposedly attributed to the decrease of the intemal 
resistance of the electron acceptor-type charge transfer 
layer owing to use of the acicular cr^tals. 

(Example 11) 

10 

[0115] A production example of semiconductor 
adcular crystals using an open-to-atmosphere type 
CVD method wilt be described with reference of Rgs. 
5A to 5D and Fig. 7 in the present example. 

IS [0116] A substrate was produced by fonning an Al 
undercoating electrode layer 42 of 3 ^m thickness on a 
quartz sutistrate 41 and an Al substrate 44 was pro- 
duced and these substrates were respectively set on 
the substrate heating stand 76 of the CVD apparahis. 

20 Then, bisacetylacetonatozinc (II) in solid phase was put 
in a raw material evaporator 73 and evaporated by heat 
at 1 15^C. While ft>eing carried with nitrogen, the evapo- 
rated bisacetylacelonatozinc (II) was sprayed to the Al 
substrates 75 from a nozzle 74. After the treatment, 

25 ZnO adcular crystals were found grown on the Al 
undercx)ating electrode layer and the Al sutxstrate sur- 
face as illustrated in Rga 5A, SB. The diameter of the 
ZnO adcular crystals was about 1 |im and the length 
was 1 0 to 1 00 times as long as the diameter. The result- 
so ant sut>strates were then immersed in a slurry-iiice sdu- 
tion produced by mbdng 3 g of rutile type TiO^ adcular 
crystal and 3 g of anatase type TIO^ micro crystal (P25) 
having about 20 nm diameter with 40 mL of water, 0.2 
mL of acetyiacetone, and 0^ mL of Triton X and after 

36 that the substrates were fired at450X for 1 hour in oxy- 
gen gas flow at 100 mL/min (socm). Then, dye was 
adsorbed on the surface of the acicular crystals in the 
same manner as that of the Example 1 . On the other 
hand, conductive glass (F-doped Sn02, 10 bear- 

40 ing graphite of 1 nm thickness was employed as a coun- 
terpart electrode and 17I3' was used as a redox pair. As 
same as the Example 7, a mixed solution containing 
tetrapropylannmonium Iodide (0.46 mol/L) and todine 
(0.06 mol/L) as solutes and ethylene cartionate (80 

45 vol.%) and acetonitrile (20 vol.%) as solvents was 
employed. The solution was dropwise applied to the 
ZnO-tiearing conductive sut>strate and the mixed solu- 
tfon was held between the conductive substrate bearing 
the ZnO and the counterpart electrode to obtain a cell. 

so [0117] As a comparison, a cell using a thermally 
treated ZnO powder mainly containing parlides of 
about 1 |im partide diameter was fabr'cated in the same 
manner. 

[0118] In the same manner as that of the Example 
55 7, light was radiated from a 500 W xenon lamp equipped 
with a ultravioletKnitting filter from the counterpart elec- 
trode side. The values of the photoelectric current gen- 
erated at that time by the photoelectric conversion 
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reaction were measured As a result, the open-drcuit 
voltage and the fill factor of the cell of the present Inven- 
tion were twth higher tiy about 7%. That is supposedly 
attributed to the decrease of the internal resistance of 
the eteGtron acceptor-type charge transfer liqrer owing 
to use of the adcular crystals. 

(Example 12) 

[0119] A production example of semiconductor 
acicular crystals using an open-to-atmosphere type 
CVD method will be described with reference of Rgs. 
5A to 50 and Rg. 7 In the present example. 
[0120] Conductive glass (F-doped SnOs, 10 0/t\) 
was produced by forming a F-doped Sn02 42 film on a 
substrate glass 44 and the substrate was set on a sub- 
strate heating stand 76 of the CVD apparahis. Then, 
bisacetylacetonatozinc (II) in solid phase was put in a 
raw matermi evaporator 73 and evaporated by heat at 
nS'^C. While being carried wftti nitrogen, the evapo- 
rated bisacelylacelDnatDzinc (II) was sprayed to the 
conductive glass substrate 75 from a nozzle 74. After 
the treatment, ZnO acicular crystals were found grown 
on the conductive glass surface as Illustrated In Rg. 5C. 
The diameter of the ZnO acicular crystals was about 1 
|im and the lengtfi was 10 to 100 times as long as the 
diameter. The resultant substrate was then imrnersed In 
a slurry-lilce solution produced by mixing 3 g of rutile 
type TIOz acicular crystal and 3 g of anatase type TIO2 
micro crystal (P25) having about 20 nm (fiameter wtth 
40 mL of water, 0.2 mL of acetylacetone, and 0.2 mL of 
Triton X and after titat the substrate was fired at 450"^ 
for 1 hour In oxygen gas flow at 100 mLAnin (seem). 
Then, dye was adsort)ed on ttie surface of tiie acicular 
crystals in the same manner as tiiat of the Exampfe 1 . 
On the other hand, conductive glass (F-doped Sn02, 1 0 
n/b) bearing graphite of about 1 nm ttiickness was 
employed as a counterpart electrode and Cul was used 
as a p-type semiconductor Cul was at first dissolved in 
anhydrous acetonitrite and then deposited on tiie inter- 
faces of the mesoscopic ZhO film bearing the coloring 
agent The solid electrode produced in such a manner 
and the counterpart electrode were overiald to each 
other to obtain a solid chemical solar cell. 
[0121] As a comparison, a cell using a tttermally 
treated ZnO powder mainly containing pariides of 
about 1 |im particle diameter was febricated In the same 
manner. 

[0122] In the same manner as ttiat of tiie Example 
7. fight was radiated from a 500 W xenon lamp equipped 
wHh a ultraviolet-cuttfng ftitar from tiie counterpart elec- 
trode side. The values of the photoelectric current gen- 
erated at that time by the photoelectric conversion 
reaction were measured. As a result, the open-drcuit 
voltage and tiie fill fector of the cell of the present inven- 
tion were botii higher by about 7%. That is supposedly 
attritxjted to the decrease of the Internal resistance of 
the electron acceptor-type charge transfer layer owing 



to use of tiie acicular crystals. 
(Exampfe 13) 

5 [0123] A production example of a photoelectric con- 
version device using a rutile type acicular crystal pow- 
der for an electron acceptive charge transfer layer will 
be described in the present example. 
(01 24] A slurry was produced by mixing 6 g of rutile 

10 type Ti02 acicular crystal having 200 to 300 nm diame- 
ter and the length about 10 times as long as the diame- 
ter witii 10 mL (milliliter) of water, 0.2 mL of 
acetylacetone, and 0.2 mL of Triton X. TTie slurry was 
applied to a conductive glass (F-doped SnO^, 100 fl/d) 

IS in at>out 50 im\ thickness and 1 cm^ square using a 
spacer and then the resultant glass was fired at 450^0 
for 1 hour in oxygen gas flow at 1 00 mlVmin (seem). The 
resultant substrate was then trnmersed in a slurry-like 
solution produced by mixing 3 g of anatase type Ti02 

20 mtero crystal (P25) having about 20 nm cfiameter witti 
40 mL of water, 0.2 mL of aoetylacetone, and 0.2 mL of 
Triton X and after that, the substrate was finsd at 450^C 
for 1 hour in oxygen gas flow at 100 mUriiin (seem). 
Then, dye was adsort>ed on tiie surfece of the acknilar 

25 crystels in the same manner as that of the Example 7. 
Then, conductive glass (F-doped SnOg, 10 12/b) bear- 
ing graphite of alxnit 1 nm thnkneas was employed, as a 
counterpart electrode and VA^' was used as a redox 
pair. As same as tiie Example 7, a mixed solution con- 

30 taining tetrapropylammonium iodkle (0.46 moi/L) and 
tocfine (0.06 mol/L) as solutes and etiiylene cart)onate 
(80 voL%) and acetonitrite (20 vol.%) as solvents was 
empfoyed. The solution was dropwise applied to the 
Ti02-bearing conductive 8ut)strate and the mixed solu- 

35 tion was held between the conductive substrate bearing 
the T1O2 and the counterpart electrode to otitain a cell. 
[0125] As a comparison, a cell using only P25 vias 
fabricated In the same manner. 
(01 26] Light was radiated from a 500 W xenon lamp 

40 equipped witii a uttravfolet-cutting fitter from the side of 
the conductive substrate bearing the TIO2 and to the 
side of the counterpart electrode. The values of the pho- 
toelectric current generated at that time by the photoe- 
lectric conversfon reaction were measured. As a result, 

45 the open-circuit vottege and the fill factor of the cell of 
the present invention were both higher by at)OUt 3% and 
especially, higher by about 5% in the case where light 
was radiated to the counterpart electrode side. That is 
supposedly attributed to the decrease of the Internal 

so resistance of the electron acceptor-type charge transfer 
layer owing to use of tiie acteular crystels. 
[0127] As descrfoed above, the present invention 
can provide a photoelectric conversion device In which 
the transfer and the movement of electrons and holes 

56 are smoothly canied out, whose Internal resistance and 
recombination probabinty is low, and wh'nh has a high 
conversion efficiency. 

[01281 Also, the present invention can provkte a 
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photoelectric conversion device comprising a semicon- 
ductor electrode provided with a light absorption layer of 
dye and a charge transfer layer of an electrolytic solu- 
tion with high impregnation and movement speed 
[0129] Further, the present invention can provide a 
photoelectric conversion device with high open-circuit 
voltage. 

[0130] Moreover, the present Invention can provide 
a method of producing photoelectric conversion devices 
provided with the tbregoing characteristics. 
[0131] A photoelectric conversion device compris- 
ing at least an electron acceptive charge transfer layer, 
an electron donative charge transfer layer, and a fight 
absorption layer ttdsting between the charge transfer 
layers, wherein either one of the charge transfer layers 
comprises a semiconductor acicular crystal layer com- 
prising aggregate of acicular crystals or a mixture of an 
acicular crystal and another crystal, and a method of 
producing the device are (fisclosed. Consequently, a 
photoelectric conversion device being capable of 
smoothly canylng out transfer of electrons and having 
high photoelectric converaion efHcfency is provided. 

Claims 

1. A photoelectric conversion device comprising at 
least an electron acceptive charge transfer layer, an 
electron donative charge transfer and a light 
at>8orption layer existing between the charge trans- 
fer ia^rs, wherein either one of the charge transfer 
layers is a semiconductor acicular crystal layer 
comprising aggregate of acicuiar crystals. 

2. The photoelectric conversion device according to 
daim 1 , wherein the diameters of the acicular crys- 
tals are 1 pm or less. 

3. The photoelectric conversion device according to 
claim 1, wherein an aspect raitio of the acicular 
crystal is 5 or more when the aspect ratio is defined 
as the ratio of the length to the diameter of the acic- 
ular crystal or as the ratio of the fength of the acicu- 
lar cryBlBl to the length of a shortest line in a 
transverse cross-section passing the gravity center 
of the acicular crystal. 

4. The photoelectric conversion device according to 
daim 1, wherein an aspect ratio of the adcular 
crystal is 10 or more when the aspect ratio is 
defined as the ratio of the length to the diameter of 
the acicular crystal or as the ratio of ttie length of 
the acicular crystal to the fength of a shortest fine in 
a transveree cross-secdon passing the gravity 
center of the acicular crystal. 

5. The photoelectric conversion device according to 
daim 1, wherein the semiconductor acicular crystal 
layer is provided on a substrate, one end of the 



acicular crystel fomrting the semiconductor adcular 
crystal layer Is bonded to a principal plane of the 
sut>5trBte, and the angle formed between the axial 
direction of the acicular crystal and the princ^al 
5 plane of the substrate is 60" or more. 

6. The photoelectric conversion device according to 
daim 1 , wherein the semiconductor acicular crystal 
layer is provided on a substrate with an electrode, 

10 one end of the acicular crystel fomting the semicon- 
ductor acicular crystal layer is tx)nded to the elec- 
trode, and the angle formed between the axial 
direction of the acicuiar crystel and the principal 
plane of the substrate is 60^ or more. 

IS 

7. The photoelectric conversion device according to 
daim 1, wherein the fight absorption layer com- 
prises dye. 

20 8. The photoelectric conversion device according to 
daim 1, wherein the acicular crystals comprise a 
metel oxide. 

9. The photoelectric conversion device according to 
25 daim 8, wherein the acicular crystals comprise tita- 
nium odde. 

ia The photoelectric conversion device according to 
daim 8, wherein the adcular crystals comprise zinc 
30 oxide. 

11. The photoelectric conversion device according to 
daim 8, wherein the acicuiar c^rystals comprise tin 
CKide. 

3$ 

1Z The photoelectric corrversion device according to 
daim 1, wherein a part of the adcular crystels 
existe in fine pores of a finely porous layer having a 
numk>er of fine pores. 

40 

13. A method of producing a photoelectric conversion 
device which comprises at least an electron accep- 
th« charge transfer layer, an electron donative 
charge transfer layer, and a fight at>sorption layer 

45 existing between the charge transfer layers, the 
method comprising applying a solution contelning 
acicular crystels on a suk)strate and firing the 8ut>- 
strate to form a semiconductor acicular crystaarf layer 
comprising aggregate of acicular crystal on the 

50 substrate and utifizing the semiconductor adcular 
crystel layer as either one of the charge transfer lay- 
era. 

14. A method of producing a photoelectric conversion 
55 device which comprises at least an electron accep- 
tive charge transfer layer, an electron donative 
charge transfer layer, and a fight at>sorption layer 
existing between the charge transfiar layers, the 



16 



29 



EP1087 446A2 



30 



method comprisfng forming a semiconductor adcu- 
^ crystal layer comprising aggregate of acicular 
ctystals on a sut>strate by a CVD process and utTiz- 
ing the semiconductor acicular crystal (ayer as 
either one of the charge tiansfier layers. 

15. The nrmthod of producing a photoelectric conver- 
sion device according to dalm 14, comprising the 
st^ of providing an aluminium layer on a surface 
of the substrate, anodizing the aluminium layer to 
form a finely porous alumina layer, and Rowing the 
semiconductor acicular crystals through the alu- 
mina fine pores by a CVD process. 

16. A method of producing a photoelectric convsrsion 
device which comprises at least an electron accep- 
tive charge transfisr layer, an electron donative 
charge transfer layer, and a light absorption layer 
existing between the charge transfer layers, the 
method conrtprising oxidizing a surface of a sub- 
strate to fbrm a semiconductor acicular crystal Icyer 
comprising aggregate of ai^iar crystals on the 
substrate and utilizing the semiconductor acicular 
crystal layer as either one of the charge transfer lay- 
ers. 

17. The method of producing a photoelectric conver- 
sion device according to claim 16, comprising the 
steps of providing an aluminium layer on a surface 
of the substrate, anodizing the aluminium layer to 
form a finely porous alumina layer, and oxkfizing at 
least a part of the substrate to grow the semicon- 
ductor acicular crystals through the alumina fine 
pores. 

18. The method of producing a photoelectric conver- 
sion device according to claim 16, wherein a sub- 
strate comprising any one of titanium, zinc, and tin 
at least In the surface is used as the substrate. 

19. The method of producing a photoelectric conver- 
sion device according to claim 13 or 16, wherein a 
substrate having an electrode on the surface 
thereof Is used as the subsbBte. 

20. A photoelectric conversion device comprising at 
least an electron acceptive charge transfer layer, an 
electron donative charge transfer layer, and a light 
at>sorpfion layer existing between the charge trans- 
fer layers, wherein either one of the charge transfer 
layers Is a semiconductor layer comprising a mix- 
ture with two or mora kinds of different morpholo- 
gies or compositions and at least one of the kinds of 
the semkxHiductor layer is an acfeular crystal. 

21. The photoetectric converskm device according to 
dalm 20, wherein the diameter of the ack:ular crys- 
tal is 1 iim or less. 



22. The photoetectric conversion device according to 
daim 20, wherein the aspect ratto is 5 or mora 
when the aspect ratio is defined as the ratio of the 
length to the diameter of the acicular crystal or as 
5 the ratk) of the length of the adcular crystal to the 
tength of a shortest fine in a transverse cross-sec- 
tion passing the gravity center of the acicular crys- 
tal. 

10 23. The photoelectric conversion device according to 
dalm 20, wherein an aspect ratk) is 10 or mora 
when the aspect ratk) is defined as the ratio of the 
tength to the diameter of the acicular crystal or as 
the ratio of the length of the adcutar crystal to the 

IS tength of a shortest nne in a transverse cross-sec- 
tion passing the gravity center of the adcuiar crys- 
tal. 

24. The photoelectric conversion devbe according to 
20 daim 20, wherein one end of the acteular crystal is 

tx>nded to an electrode provided on a sukKtrate and 
the angle formed k>etween the axial directfon of the 
adcuiar crystal and the principal plane of the suth 
strateiseo^ormore. 

25 

25. The photoelectric conversion device according to 
dalm 20, wherein the semiconductor other than the 
acicular crystal in the mixture fe a fine pertide with 
a diameter of 1 00 nm diameter or less. 

30 

26. The photoelectric conversion devce according to 
daim 25, wherein the fine partk:te exists on a sur- 
face of the acicuter crystal. 

3S 27. The photoelectrk: conversion devk:e according to 
daim 20, wherein the material of the tight absorp- 
tion layer Is dye. 

28. The photoelectrk: conversion devce according to 
40 daim 20, wherein the mixture comprises a metal 

cockte. 

29. The photoelectric conversion devtee according to 
daim 28, wherein at least one kind of the.mixturB te 

45 titanium oxkfe. 

30. The photoelectric conversion device according to 
daim 28, wherein at least one kind of the mixture te 
zinc Qxkte. 

50 

31. The photoelectric conversion devk^e according to 
daim 28, wherein at least one material of the mix- 
ture te tin oxkle. 

55 3Z The photoelectrk: conversion devk:e according to 
daim 20, wherein a part of the adcutar crystal 
exists in a fine pore of a finely porous layer having a 
number of fine pores. 
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33. A method of producing a photoelectric conversion 
device which comprises at least an electron accep- 
tive charge transfer layer, an electron donative 
charge transfer layer, and a light at)sorption layer 
existing between the charge transfer layers, the 
method comprising applying a semiconductor mix- 
ture solution comprising a semiconductor mixture 
with two or more idnds of difterent nK>rphologles or 
compositions on a substrate and firing the substrate 
to form a semiconductor mixed crystai layer on the 
substrate, and utilizing the semiconductor mixed 
crystai layer as either one of the charge transfer lay- 
ers. 

34. A method of producing a photoelectric conversion 
device which comprises at least an electron accep- 
tive charge transfer layer, an electron donative 
charge transfier layer, and a light absorption layer 
existing between the charge transfer layers, the 
meti)od comprising the steps of applying a solution 
containing a semiconductDr adcuiar crystal on a 
sutntrate and firing the substrate to fbmfi an cctcu- 
lar semiconductor crystal layer, further depositing a 
single 8ut)StBnce or a mixture with a different mor- 
phology or composition from that of the adcuiar 
crystal to the semiconductor layer to form a semi- 
conductor mixed crystal layer on the substrate, and 
utilizing the semiconductor mixed crystal layer as 
either one of ttie charge transfer iayers. 

35. A method of producing a photoelectric conversion 
device which comprises at least an electron accep- 
tive charge transfer layer, an electron donative 
charge transfer ii^, and a light absorption layer 
existing between the charge transfer layers, the 
method comprising the steps of growing an adcuiar 
crystal on a substrate, depositing to the adcuiar 
crystai a single suk>stance or a mixture with a differ- 
ent morphology or composition from that of the 
adcuiar crystal to form a sentomductor mbced 
crystal layer on the substrate, and utilidng tite sem- 
iconductor mixed crystal layer as eittier one of the 
charge transfer layers. 

36. The mettiod of produdng a photoelectric conver- 
sion device according to dawn 36, comprising the 
step of growing the adcuiar crystal on the substrate 
by a CVD process. 

37. The metitod of produdng a photoelectric conver- 
sion device according to dakn 36, comprising the 
steps of forming an aluminium layer on a surfece of 
the substrate, anodizing the aluminium layer to fomn 
a finely porous alumina layer, and growing a semi- 
conductor adcuiar crystal through the fine pores of 
the finely porous alumina layer by a CVD process. 

38. The mettiod of produdng a photoelectric conver- 



sion device according to claim 35, compridng ttie 
step of oxidizing a surface of the sut>strHfe to grow 
the adcuiar crystal on the sutMtrate. 

5 39. The method of produdng a photoelectric conver- 
sion device according to claim 38, comprising ttie 
steps of forming an aluminium layer on ttie surface 
of ttie substrate, anodizing the aluminium layer to 
form a finely porous alumina layer, and oxidizing at 

10 least a part of the substrate to gpw a semiconduc- 
tor adcuiar crystal through the fine pores of ttie 
finely porous alumina layer. 

40. The method of produdng a photoelectric conver- 
ts sion device according to cmy one of claims 35 to 39, 
wherein a substrate comprising any one of titanium, 
zinc, and tin in at least a suriaoe thereof Is used as 
the substrate. 

20 41. The method of produdng a photoelectric conver- 
sion device according to any one of daims 33 to 35, 
wherein a substrate having an electrode on a sur- 
face thereof is used as the substrate. 
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